Abstract.The conventional landslide calculation is obtaining a specific stability safety factor by using limit equilibrium method or strength reduction method based on the given strength parameters of soil. Although the M-C(Monte-Carlo) method provides a path to predict instability probability of landslide, in the traditional application of M-C to calculate the probability of landslide failure, the value c,φ of soils are considered to obey normal distribution. In fact, the value c,φ obeys various distribution under different kinds of cases. This paper discussed the calculation of landslide failure probability of soil parameters under different distribution types. The results show that the instability probability calculated under the form of normal distribution which the value of c,φ obeyed is lower than that under the logarithm normal distribution. The proposed method can improved the calculation accuracy of instability probability of landslide and had certain reference value for the calculation of the landslide instability probability.
Introduction
For the stability evaluation of landslides, the most commonly method is using the strength parameters of soils to calculate the safety factor based on the investigation on the test. However, under the actual conditions, the physical and mechanical parameters of soils (such as friction coefficient, cohesion, bulk density, etc.) , the pore water pressure, the external load is complex, changeable, random and related ] 1
[ .The traditional evaluation results is that when the stability coefficient Fs>1,the landslide is stable, and when the stability coefficient Fs>1, the landslide is in danger, so the two extremes are not reasonable [2] .What more important is the instability probability of landslide is unable to give and lack of understanding of hazard control of landslide .So when evaluating the stability of landslide , it seemed reasonable to add instability probability calculation of landslide.
In the traditional landslide instability probability calculation, the influence of the landslide stability factors are a random variable, the soil parameters c,φ is considered to obey normal distribution, but in the actual use of Monte-Carlo to calculate the probability of the landslide instability, the different types of soil parameters probability distribution will affect the calculation results of reliability index. The probability distribution of soils parameters can be divided into Bernoulli distribution series, Poisson distribution series, extreme value distribution series, central limit distribution series and the distribution series for statistical analysis. Different distribution types have a considerable impact on the calculation of the instability probability of the landslide. Therefore, in the process of calculating the probability of landslide instability, we should first consider the probability distribution of the soil parameters c,φ value, and then, based on Monte Carlo (Monte-Carlo) method , calculate the probability of landslide instability.
Monte-Carlo Basic Principle
At present, there are main methods to calculate the probability of landslide instability, such as a two order matrix method, the probability moment point estimation method (also known as the Rosenblueth method), the Monte-Carlo simulation method, etc.. Because of the limitation of the (Monte-Carlo)by question is small, the convergence and limit state equation are nonlinear, the variable distribution is non normality, the applicability is strong, and the calculation program is easy to be prepared, so it is used more widely.
Monte-Carlo method is a common method for solving the practical engineering problems related to random variables by numerical simulation. The probability of the occurrence of the event can be estimated by a large number of experimental results. When the number of samples is enough, the frequency of the actual occurrence can be equated to the probability. Monte-Carlo method is based on a large number of random variables sampling, and then put it into its performance function, to determine whether the failure, so as to obtain the failure probability. For example, as for the stability coefficient of landslide, the function of the forced state and the soil structure can be expressed as:
In the formula, σ is the normal stress condition, τ is the shear stress condition, h is the the terrain condition, w is the ground water condition, and p is of the external load condition. These parameters are random variables, most of which are subject to normal distribution or lognormal distribution.
Its performance function can be expressed as:
The probability of failure, that is, the probability of landslide failure can be expressed as:
fF is the probability density function of s F .
In the actual sample calculation, the failure probability can be calculated by the following method.
In the formula, N is the total times of simulation; M is the emergence times under the condition of Fs>1
Verified By an Engineering Example Landslide Description. The front edge height of the sliding body is 122 ~ 124m, the trailing edge height is 220m, the north and south direction (from the leading edge to the trailing edge) is about 300m, the width is 150 ~ 180m, the area is 48 × 103m 2 , the average thickness is 15 ~ 20m, the most thickness is 24m, the volume is about 674× 103m 3 . The sliding bed bedrock is a medium weathered shale, and the sliding body is silt clay with small amount of weathered rock, and the geological section of the landslide is shown in Figure 1 . Landslide Parameters Selection. According to the landslide groups of borehole sampling indoor test and field test, to obtain the mechanical parameters c,φ value of soil and rock of slip zone and calculating its mean value, standard deviation, coefficient of variation, coefficient of skewness (skewness ), seeing The Instability Probability Calculation of The Different Distribution. For the non standard normal distribution, it can be obtained using the random variables of the standard normal distribution through linear transformation: ' xx µσ =+ (5) In the formula ,x is the standard normal distribution random variable, μ σ is the mean and standard deviation of the non standard normal distribution random variable x.
In this paper, we use Box and Muller transform method Figure 4 Probability density distribution of natural ϕ Figure 5 Probability density distribution of saturated ϕ When the sliding surface is a broken line, the stability of landslide is calculated by transfer coefficient method (pushing transfer method), and the stability of the following four conditions is considered:
Case1: 140m water level + weight;Case2: 170m water level + weight; Case3: 140m water level + weight+heavy rain;Case4: 170m water level + weight+heavy rain; According to the 10000 sets of c and φ values, by random sampling and put into the formula of transfer coefficient method ,the stability coefficient of the landslide can be determined, and the probability of failure and loss can be calculated by the formula 2,seeing in tabel2. Calculation of Instability Probability of The Same Distribution. If you do not consider the special distribution pattern of the soils parameter, cohesion and friction angle are considered to obey distribution, meanwhile ,using transformation method Box and Muller proposed, processing of slip soil parameters, then probability density distribution chart of natural c value and saturation c are shown in Figure 6 In the same way, the stability of the landslide can be calculated by the transfer coefficient method when the sliding surface is a broken line, and the probability of landslide failure is calculated,seeing at tabel3: Comparative Analysis of Two Cases. Through the calculation of the two kinds of different situations, the instability probability of the two cases is quite different. The results show that the same distribution of the instability probability is higher than that of different distributions,seeing in tabel4. From table 3 and figure 8,We can draw that if using form of the normal distribution, the instability probability calculated was larger than that of the different distribution .The reasons may be that when the coefficient of variation of mechanical parameters of soils > 30% and the skewness coefficient > 0.025, if using the normal distribution, it may lead distribution of soils parameter to be larger, even produce negative number (as truncated part shown in Figure 6, 7) . If the log normal distribution is used, the distribution of the parameters of the rock mass is relatively concentrated, and no negative number is generated ( Figure. 2, 3) . If The c and φ values of the soils parameters turn small, the stability coefficient decreases and the instability probability becomes larger.
According to the relative percentage of Table 4 , the relative percentage of the instability probability between different distribution forms and the same distribution form ranges from10% to 25%, which shows that the error generated ranges from10% to 25% ,when c and φ values of soils mass under this case are in different distributions . And with the previous research results ranged from 20% to 30%,the result is smaller, the reason may be that when c and φ values obey what Distribution, considering coefficient of variation and skewness coefficients c and φ values, and the coefficient of variation of φ value < 30% and the coefficient of skewness < 0.025, so there's no change the distribution pattern, but only changes distribution form c value ,resulting in low error. Normal distribution Log-normal distribution Figure 8 Comparison of the probability instability in the two distribution forms
Conclusions
In this paper,based on Monte Carlo (Monte-Carlo) method, the instability probability of a landslide is calculated, and the traditional method of landslide instability is made up; the landslide is stable, under the condition of Fs>1 and the landslide is in danger, under the condition of Fs﹤ 1,which has certain reference value and significance to engineering practice.
1. Through the calculation of landslide instability probability, we can drawed that the stability coefficient of the landslide was 0.98563, the instability probability was over 40%, the possibility of instability was much high, under the case of 170m water level dropped to 140m water level + weight + heavy rain.
2.If the distribution of the parameters of soils was considered, the instability probability of landslide calculated by the normal distribution and lognormal distribution was relatively lower than that of only using normal distribution.
3. Through the process of c and φ value by normal distribution and logarithmic normal distribution, if considered the use of distribution form of variation coefficient and coefficient skewness of c and φ value, the error of two instability probability ranged from 10% to 25%.
